Objectives: We aimed at determining the effect of diabetes mellitus (diabetes) on short-term mortality and morbidity in a cohort of patients with ischemic disease undergoing coronary artery bypass surgery (CABG) at our institution. Material and methods: A total of 4567 patients undergoing isolated CABG in a 10-year period were studied. Diabetes mellitus was present in 22.6% of the cases but the percentage increased from 19.1% in the beginning to 27% in the end of the study period ( p < 0.0001 for the decade time-trend). Compared with non-diabetic patients, the group with diabetes was older (61.5 AE 8.4 years vs 60.4 AE 9.5 years), had a higher body mass index (26.4 AE 2.2 vs 26.0 AE 2.2), comprised more women (17.5% vs 10.1%), and had a greater incidence of peripheral vascular disease (13.3% vs 8.8%), cerebrovascular disease (8.3% vs 4.3%), renal failure (2.7% vs 1.1%), cardiomegaly (14.0% vs 10.9%), class III-IV angina (43.4% vs 39.0%), triple-vessel disease (80.9% vs 73.7%) and patients with left ventricular dysfunction (all p < 0.05). Demographic and peri-procedural data were registered prospectively in a computerized institutional database. Multivariate logistic regression was performed to assess the influence of diabetes as an independent risk factor for in-hospital mortality and morbidity. Results: The overall in-hospital mortality was 0.96% [n = 44; diabetics: 1.0%, non-diabetics: 0.9% ( p = 0.74)]. The mortality of patients with diabetes decreased from 2.7% in the early period to 0.7% in the late period ( p = 0.03 for the time-trend). Postoperative in-hospital complications were comparable in the two groups in univariate analysis, with only cerebrovascular accident and prolonged length of stay being significantly higher in the diabetic patients (all p < 0.05). In multivariate analysis, diabetes was not found to be an independent risk factor for inhospital mortality (OR = 0.61; 95% CI = 0.28-1.30; p = 0.19), but predicted the occurrence of mediastinitis (OR = 1.80; 95% CI = 1.01-3.22; p = 0.049). Conclusions: Despite worse demographic and clinical characteristics, diabetic patients could be surgically revascularized with low mortality and morbidity, comparable with control patients. Hence, our data do not support diabetes as a risk factor for significantly adverse early outcome following CABG. #
Introduction
Diabetes mellitus is most often recognized as a risk factor for adverse outcomes after coronary artery bypass graft surgery (CABG), with regard to both early postoperative results and long-term survival [1] [2] [3] [4] . Hence, there is a need for continuously evaluating the performance of surgical revascularization in diabetic patients, because (1) diabetes is present in approximately one-quarter of the patients undergoing CABG [1, 3, 5, 6] , and its prevalence is steadily increasing [7, 8] ; and (2) over the years, several reports have attested the superiority of CABG over percutaneous coronary intervention for coronary revascularization in diabetic patients [9] [10] [11] [12] .
However, the impact of diabetes in the short-term mortality and morbidity in patients undergoing CABG is unclear and remains a subject of debate. While some studies reported a significant negative influence of diabetes in early postoperative outcomes [2, 5] , others have even suggested a better outcome in this group of patients [1, 3, 4] .
In this report we assess the impact of diabetes in the early mortality and morbidity in a large series of patients subjected to CABG in a single institution, adjusting for patient and disease characteristics.
Materials and methods

Study design and population
We performed a retrospective study of patients who underwent CABG during a 10-year period at our institution. All patients undergoing isolated first operations and reopera-tions were included and those who had CABG combined with heart valve repair or replacement, resection of a ventricular aneurysm, or other surgical procedures were excluded. All operations were performed without cardioplegia, under hypothermic ventricular fibrillation or empty beating heart, a technique described in detail in a previous report from our group [13] .
Study variables and definitions
The study included the following preoperative, operative and outcome variables:
( Definitions of these complications are presented in Appendix B.
Diabetes was defined as a history of the disease and the patient currently receiving treatment with either oral medications or insulin. In-hospital mortality was defined as death during hospital stay, unlimited in time.
Data collection
Data were collected prospectively on a standardized written form by the involved surgeon and validated and inputted in a computerized database by the first author. Data collection and storage was supervised by the project coordinator (MJA) for consistency, and aggregate outputs were periodically crosschecked against an independent 
Patient and operative data
The study cohort included 4567 patients undergoing isolated CABG surgery. Of these, 1030 (22.6%) patients were classified as diabetic using the definition indicated above. The percentage of patients with diabetes increased from 19.1% in the early to 27% in the late period ( p < 0.001 for the decade time-trend).
The distribution of baseline characteristics between the two groups is shown in Table 1 . Comparing with the nondiabetic, the diabetic group was characterized by a higher mean age, a higher mean body mass index, a higher proportion of females and of patients with dyslipidemia, anemia, cardiomegaly, renal failure, peripheral vascular disease, cerebrovascular disease, severe angina (CCS class III-IV), triple-vessel disease and left ventricular dysfunction (ejection fraction <40%).
The distribution of operative variables is shown in Table 2 . The number of distal anastomoses per patient was significantly higher in the diabetic group (2.9 AE 0.8 vs 2.8 AE 0.8; p = 0.005). Although the group of diabetic patients received fewer arterial grafts, similar percentages of patients in the two groups were revascularized with LIMA grafts, in both cases as a consequence of the protocol implemented in these patients.
Perioperative glycemic control
We aimed at maintaining the blood glucose levels in diabetic patients between 120 and 160 mg/dl. Preoperatively, diabetic patients were started on a standard sliding scale subcutaneous insulin injection. In the operating room and in the ICU they received continuous intravenous insulin infusions. They were then switched back to the sliding scale subcutaneous insulin injection until discharge, even after the resumption of their preoperative glucose control regimen. For non-diabetic patients, the use of sliding scale insulin infusion was triggered by blood glucose levels greater than 180 mg/dl.
Statistical methods
Normally distributed continuous variables are represented as mean AE standard deviation (SD) or as the percentage of the sample. The x 2 -test and Fisher's exact test were used to determine differences in patient characteristics by univariate analysis. Multivariate logistic regression was performed to assess the influence of diabetes as an independent risk factor for hospital mortality and postoperative morbidity. Variables included in the adjusted analyses were chosen because they showed imbalance between the two groups and/or they were thought to affect the outcome. The same variables were included in the entire risk-adjusted analyses presented (see Table 4 footnote for details). Taken into consideration the presence of a small effective simple size on the outcome death (n = 44), the entire database was initially used to develop the predictive logistic model. Survivors and non-survivors were compared by univariate analysis. Variables with a p value less than 0.2 by univariate analysis were used as independent variables in a stepwise logistic regression analysis, with in-hospital mortality as the binary dependent variable. Because of the relatively small effective sample size, a p value less than 0.1 was selected for variable retention in the final regression model. A bootstrap analysis was used in combination with the 
Results
Postoperative outcomes are shown in Table 3 . The overall in-hospital mortality was 0.96% (n = 44). There was no difference in the mortality rate of the diabetic and nondiabetic groups (0.9% and 1.0%, respectively; p = 0.74). The mortality of patients with diabetes decreased from 2.7% in the early period to 0.7% in the late period ( p = 0.03 for the decade time-trend). Table 4 shows the influence of diabetes on the mortality and postoperative morbidity after adjustment for potential confounders. The presence of diabetes was not found to be an independent predictor of in-hospital mortality on multivariate analysis (OR = 0.61; 95% CI 0.28-1.30; p = 0.19) ( Table 4) . By contrast, age (increasing), reoperation, peripheral vascular disease, left ventricular dysfunction (ejection fraction <40%) and non-elective surgery were identified as independent predictors of in-hospital death (Table 5) .
In-hospital morbidity events were mostly comparable in the two groups by univariate analysis, with only cerebrovascular accident and prolonged length of stay showing a significantly higher incidence in the diabetic patients. Requirement for inotropic support ( p = 0.074) and mediastinitis ( p = 0.084) approached statistical significance. However, by multivariate analysis, diabetes had an independent influence only in the development of mediastinitis (OR = 1.80; 95% CI 1.01-3.22; p = 0.049), whereas the association with cerebrovascular accident ( p = 0.26) and prolonged length of stay ( p = 0.14) disappeared.
Discussion
Most reports indicate that diabetes is present in approximately one-quarter of the patients undergoing revascularization for coronary artery disease, for which it is considered a risk factor [1, 3, 5, 6] , but there has been a steady increase in the incidence. Analysis of the data from the Society of Thoracic Surgeons National Adult Cardiac Database and from the Society of Cardiothoracic Surgeons of Great Britain and Ireland showed an increase in the prevalence of diabetes in patients referred for CABG (21% in 1990 to 33% in 1999, and 18% in 1994 to 23.5% in 2001, respectively) [7, 8] . In our contemporary series, we observed a similar percentage of diabetic patients referred for CABG with an overall prevalence of 22.6% and a significant increase in the prevalence of diabetes, from 19.1% in the beginning to 27% in the end ( p < 0.0001 for the decade time-trend).
Our diabetic patients had a similar preoperative higher risk profile as patients from other reported series [1, [3] [4] [5] [6] . Patients with diabetes were more likely to be older and female, and to have a higher mean body mass index, severe angina, peripheral vascular disease, cerebrovascular disease, renal failure, anemia, dyslipidemia, cardiomegaly, triplevessel disease, as well as a decreased LV ejection fraction, all factors which are well known for their negative impact on outcome.
It is generally accepted that diabetic individuals subjected to CABG have a higher early mortality, but the influence of diabetes per se on this outcome has been under debate. In the study reported by Thourani et al. [2] , the mortality was significantly higher among the diabetic (3.9%) compared to the non-diabetic population (1.6%). The North American Multicenter Registry data of 146,786 patients who underwent CABG surgery in 1997 indicates a 30-day mortality of 3.7% in diabetic patients compared to 2.7% in non-diabetic patients [5] . In both studies, diabetes was found to be an independent predictor of early (in-hospital or 30-day) mortality. However, more recent studies have challenged these findings by reporting more favorable results, crude and adjusted, in diabetic patients undergoing CABG. Szabo et al. [1] , Rajakaruna et al. [3] and Filsoufi et al. [4] reported mortality rates of 2.6%, 2.2% and 2.4%, respectively, in diabetic patients and did not isolate diabetes as an independent predictor of early mortality. Our in-hospital mortality for diabetic patients was 1.0%, only marginally higher that in non-diabetics (0.9%) and we could also not identify diabetes as an independent predictor of early mortality. This could be related to the small number of events (44 deaths) in the series. Although there is no consensus on sample size, as a rule of thumb in studies deriving multivariable prognostic models, 10 or more events per variable are usually required in order to get a robust estimation of the coefficients. The ratio of events to risk factors included in our local model presented in Table 5 was approximately 9-1 (44 events; 5 variables), therefore, the data of the multivariate analysis should be interpreted with caution.
There is now clear evidence that the impact of diabetes on in-hospital mortality has changed over time. According to the Society of Cardiothoracic Surgeons of Great Britain and Ireland, in 1997 diabetic patients were twice as likely to die after CABG compared to non-diabetics (5.9% vs 3.0%), but by 2001 there had been an important reduction in the operative mortality (2.9% vs 2.2%), practically eliminating diabetes as an additional risk [7] . In the study reported by Filsoufi et al. [4] , the mortality rate among diabetics decreased significantly, from 3.1% in the period 1998-2002 to 1.0% in [2003] [2004] [2005] . Similarly, our study shows a decrease in in-hospital mortality among diabetic patients over the decade in analysis from 2.7% in 1992 to 0.7% in 2001 ( p = 0.03 for the decade time-trend). Better knowledge of the pathophysiology and improved pre-and perioperative control of the disease may have contributed to this evolution.
In this series, the incidences of morbidity events analyzed were also similar in the two groups by univariate analysis, with only cerebrovascular accident and prolonged length of stay showing a significantly higher incidence in diabetic patients. However, by multivariate analysis, diabetes had only an independent influence on the development of mediastinitis (OR = 1.80). The studies reported by Filsoufi et al. [4] , Kubal et al. [14] and Shroyer et al. [15] also demonstrated that diabetes had an independent influence on the development of sternal infection.
The independent influence of diabetes in the development of a cerebrovascular accident has been described by some authors [1, 3] . Although univariate analysis had shown a significantly higher incidence of cerebrovascular accidents in our diabetic patients, this association disappeared in the multivariate analysis. This finding is also in accordance with those of some recent studies [4, 14] .
In contrast with the previously published studies of Szabo, Rajakaruna and Kubal and their co-workers [1, 3, 14] , we could not identify diabetes as an independent predictor of acute renal failure or prolonged length of stay. Additionally, diabetes was also not associated with the rate of postoperative myocardial infarction, with increased requirement for inotropic or mechanical support, the occurrence of atrial arrhythmia and need for re-exploration for bleeding in our patients.
There is now evidence to suggest that a better blood glucose management in the perioperative period improves early outcomes in diabetic patients subjected to CABG [16] . Estrada, Fish, Furnary and their co-workers demonstrated that controlling blood glucose levels at values lower than 200 mg/dl in diabetic patients leads to significantly fewer postoperative complications, including in-hospital death [17] [18] [19] . During the 10-year study interval in our series, we aimed at maintaining the blood glucose levels between 120 and 160 mg/dl in diabetic patients, and below 180 mg/dl in non-diabetic patients, during the perioperative period. We believe that this approach has contributed to the good surgical outcomes observed in these patients.
There are some limitations in this study, which may affect its conclusions. This is an observational study and, by its retrospective nature (although the data was prospectively collected), it cannot account for the unknown variables affecting the outcomes that are not correlated strongly with the variables used in the risk adjustment. However, multivariate analysis is a theoretically sound statistical method of accounting for differences between groups in the absence of random allocation. Also, this study was based on a large cohort of patients from a single institution, which adds strength to the power of the analysis.
In conclusion, despite the worsening case-mix, in our experience diabetic patients could be surgically revascularized with low mortality and morbidity rates, comparable to those of non-diabetic patients. Hence, our data do not support the conclusions by other authors who found diabetes to be a risk factor for significantly adverse early outcome following CABG. Better knowledge of the disease and improved management of blood glucose levels led to a significant improvement in the results during the studyperiod and beyond.
